Turkey is one of the countries with significant potential in geothermal energy.
Introduction
The combined effect of the widespread depletion of fossil fuels and the gradually emerging consciousness about environmental degradation has given priority to the use of conventional and renewable alternative energy sources such as geothermal, wind, hydro, solar and bioenergy sources.
The energy sources can be split into three categories: fossil fuels, renewable sources, and nuclear sources. In this paper, the focus will be on renewable sources, specifically geothermal energy, in Turkey. However, before getting into details of geothermal energy use in Turkey, let me concentrate on the definition of "renewable source". In this paper, an energy source is regarded as renewable if it has the following two distinctive qualifications:
 Carbon neutral,  Derived from those natural, mechanical, thermal and growth processes that repeat themselves within our lifetime.
Based on this definition, examples of renewable energy sources include geothermal, wind, hydro, solar and bioenergy sources.
Geothermal energy is the energy contained as heat in the Earth's interior that can be used continuously for heating and electricity-generation. The origin of this energy is linked with the internal structure of our planet and the physical processes occurring there. This heat is brought to the near-surface by thermal conduction and by intrusion into the Earth's crust originating from great depths. Groundwater is heated to form hydrothermal resources. Use of hydrothermal energy is economic today at a number of high-grade sites.
Hydrothermal resources are tapped by existing well-drilling and energyconversion technologies to generate electricity or to produce hot water for direct use (house heating etc.). For generation of electricity, hot water at temperatures ranging from about 150 to 370°C is brought from the underground reservoir to the surface through production wells and is flashed to steam in special vessels by release of pressure. The steam is separated from the liquid and fed to a turbine engine, which turns a generator (Akpinar et al., 2007) .
Italy was the first country to develop geothermal power commercially in 1914 at Larderello. Since then, use of geothermal power has been exponentially increasing at about 8.5% per year. For the last four decades geothermal energy has been produced commercially on the scale of hundreds of megawatts both for electricity generation and for direct use. In the early 2000s, geothermal resources have been identified in over 80 countries and 4 there are quantified records of geothermal utilization in 58 countries in the world (Hepbasli ve Ozgener, 2004) .
Turkey is located in the Mediterranean side of Alpine-Himalayan tectonic belt and, therefore, among the first seven countries of the world in terms of abundance of geothermal resources. The share of its potential used is, however, only about 2-3%.
To find out the development trends of the scientific studies in the field of renewable energies in Turkey, Celiktas et al. (2008) analysis. The study could not detect any paper on policy development in geothermal energy in Turkey. Since present article not only describes the development of geothermal energy in Turkey as of January 2009 but also provides some guidelines for policy development, it is an important contribution to existing literature. The rest of the study is organized as follows. Section 2 introduces the key indicators of Turkish economy and her energy sector. Section 3 describes the current status of geothermal energy in Turkey, while Section 4 focuses on geothermal energy economics. Following section presents an assessment of geothermal energy use, including its benefits and drawbacks. Then, some guidelines for policy makers are provided in Section 6 based on the findings of the study. Finally, Section 7 gathers the main conclusions derived from the paper. 
Key indicators of Turkish economy and energy sector
The Republic of Turkey, located in Southeastern Europe and Southwestern Asia (that portion of Turkey west of the Bosporus is geographically part of Europe), has an area of about 780,580 sq km and a population of over 70 million (CIA, 2009) . With its young population, growing energy demand per person, fast growing urbanization and economic development; Turkey has been one of the fast growing power markets of the world for the last two decades. Turkey is an energy importing country; more than two thirds of the energy requirement has been supplied by imports.
Turkey's dynamic economy is a complex mix of modern industry and commerce along with a traditional agriculture sector that still accounts for more than 35% of employment. It has a strong and rapidly growing private sector, yet the state still plays a major role in basic industry, banking, transport, and communication. Real GNP growth has exceeded 6% in many years, but this strong expansion has been interrupted by sharp declines in output in 1994, 1999, and 2001 . The economy is turning around with the implementation of economic reforms, and 2004 GDP growth reached 9%, followed by roughly 5% annual growth from 2005-07. Inflation fell to 7.7% in 2005 -a 30-year low -but climbed back to 8.5% in 2007. Despite the strong economic gains from 2002-07, which were largely due to renewed investor interest in emerging markets, IMF backing, and tighter fiscal policy, the economy is still burdened by a high current account deficit and high external debt. In short, the economic fundamentals of Turkey are sound, marked by strong economic growth and foreign direct investment (CIA, 2009 ).
Turkey's population of more than 70 million is growing at an annual rate of 1.01% and expected to grow to 83.4 million in 2022. In response to the growth rates of population and consumption, Turkey's total final energy consumption (TFC) grew at an average annual rate of 9.6% over the last three decades. This average annual growth rate of TFC is projected to decrease to 5. 4% between 2005 and 2010 and 7% between 2010 and 2020 (Evrendilek and Ertekin, 2003 . Turkey has not utilized nuclear energy yet 1 . The Turkish coal sector, which includes hard coal as well as lignite, accounts for nearly one half of the country's total primary energy production (%44.4). The renewables collectively provided 11.9% of the primary energy, mostly in the form of combustible renewables and wastes (6.3%), hydropower (about 4%) and other renewable energy resources (1.6%) (IEA, 2009).
[ Table 2 goes here ]
As can be seen in Table 2 , the general equilibrium of energy use and supply indicators shows that Turkey is dependent on imported resources very heavily. In 2005, 79.3% of the total energy supply was met by imports.
Turkey's total electricity production and installed capacity were 191.6 GWh and 41.7 GW, respectively, in 2007. The distribution of the produced electricity energy according to primary energy sources was as follows: natural gas 49.6%, coal 27.9%, hydropower 18.7%, oil 3.4%, geothermal 0.08% and wind 0.2%. Table 3 reflects the increasing reliance on natural [ These are increasingly used for heating and cooling buildings, with nearly 2 million heat pumps used in over 30 countries, mostly in Europe and the USA.
The top ten countries in terms of installed capacity for heat extraction are listed, in descending order, in Table 5 together with the 10 countries with the greatest installed capacity for geo-electricity generation. As can be seen in the table, Turkey is the 5 th richest country in the world in terms of nonelectricity geothermal energy generation (Bilgen et al., 2008) .
[ (that could produce 7 TWh of electricity per year) and 5,000 MW for heat production (including heat pumps) in 2010. Moreover, in all European countries, production of electricity from renewable resources is supported. In many countries minimum price system is used widely, which requires an electricity utility to purchase a portion of its electricity requirement, named as green energy, at a minimum price defined. Legally defined minimum prices change according to the country; some of them are shown in Table 6 (Aras, 2003 ).
[ Table 6 goes here ]
Currently, Turkey is not required to comply with the EU norms but in the near future she will be obliged to do so in the course of accession negotiations 3 .
Geothermal energy utilization and potential in Turkey
Turkey has significant potential for geothermal energy production, possessing one-eighth of the world's total geothermal potential. Much of this potential is of relatively low enthalpy that is not suitable for electricity production but still useful for direct heating applications (Evrendilek and Ertekin, 2003) . Out of Turkey's total geothermal potential, around 94% is appropriate for thermal use (temperature less than 150°C) and the remainder for electricity production (temperature more than 150°C). The geothermal electricity generation capacity potential of Turkey is estimated at 2,000 MW (16 TWh/year) and a generation capacity of 550 MW that utilizes geothermal sources is expected by the year 2013. The main utilization of geothermal energy in Turkey, however, is in domestic heating, greenhouses, spas and thermal resorts. The overall geothermal heat generation potential of Turkey is about 31,500 MW. It is projected that, by the years 2010 and 2020, the total installed capacity will increase to 3,500 MW (500,000 residence equivalent, which is about 30% of the total residences in the country) and 8300 MW,
(1,250,000 residence equivalent) for space heating, respectively (EIE, 2009 [ Table 7 goes here ]
Turkey's first commercial geothermal power plant is located at Denizli- Table 8 presents electricity generation costs by fuel type (Demirbas, 2008) and ranges of investment and generation costs are provided in Table 9 for renewable sources (IEA, 2003) .
Geothermal energy economics
[ Table 8 goes here ]
[ Table 9 goes here ]
As can be seen from the tables, electricity produced from geothermal energy is in general still more costly than that from fossil fuels. However, the gap is almost closed. For instance, if we regard the cost of producing electricity from natural gas as 100 units, that from geothermal sources is 109.3 units. That is, geothermal power is only about 9.3% more expensive than power from natural gas. Moreover, among renewable sources, geothermal energy comes third (together with wind energy) after hydro and bio power as the least expensive power source.
The economics of geothermal power depends on several factors. Cost is primarily technology driven and is influenced by production technology. By far the most significant factors that contribute to geothermal energy value are related to the geothermal resource and the characteristics of the grid and the evolving market rules. As additional geothermal capacity is developed, these variables will be quantified more precisely.
A costing USD 750,000 to USD 3 million. Well outputs are highly variable, from a dry well to one that may produce 40 MW. Once production drilling starts, the aim is to produce electricity, and hence return on investment, as soon as possible. Currently, a geothermal power project costs between USD 1,000
and USD 2,000 per kW depending on the quality of the steam. An electricity unit cost of 5 to 8 cents/kWh is achievable. This is very competitive compared with conventional thermal and hydropower stations (Lee, 2004) .
Evaluation of geothermal energy use

Benefits of geothermal energy use
Clean, domestic and renewable energy is commonly accepted as the key for future life, not only in Turkey but also in the world. This is primarily because renewable energy resources have some advantages compared to fossil fuels. In this context, geothermal energy appears to have formidably positive environmental properties. The most important gain of geothermal energy utilization is the environmental benefit of displacing fossil fuel usage and a reduction in any adverse environmental impacts that are caused by fossil fuel consumption. Measured gaseous pollutants emissions for various fuel types such as CO 2 , CH 4 , NO x and SO 2 are presented in Table 10 . The figures shown in Table 10 are based on the lifecycle assessment technique, and indicate gaseous emissions emitted during the whole process (Kone and Buke, 2007) . As indicated by Table 10 , the smallest environmental loads are due to hydropower, wind, geothermal and nuclear power plants. Among organic fuels, ecologically the most advantageous one is natural gas, although it is behind nuclear power and hydropower, while coal and oil burning is still the source of significant environmental pollution. During the operation of power plants with renewable energy sources such as photovoltaic (PV) cells, wind, geothermal or hydropower plants, there are no emissions and the environmental loads are small. The main environmental burdens for renewable energies are due to the balance of life cycle -namely, due to the material and equipment production and power plant construction.
[ Table 10 goes here ]
The environmental benefits of geothermal energy are felt locally, regionally and globally. Geothermal energy can displace power from fossil fuel-powered plants, and thereby help to improve local air quality, mitigate regional effects such as acid rain, and reduce greenhouse gas emissions globally. Power plants emit pollutants as a by-product of power generation, but also may account for further emissions in connection with plant construction, operation, and decommissioning. For example, the mining and transport of fuel are themselves energy-intensive activities, with associated emissions and environmental impacts. Geothermal energy compares favorably to traditional power generation on this metric as well. Lifecycle CO 2 emissions per unit of power produced by a geothermal power station are about 2.5% of that for coal plants and about 5.4% of that for natural gas facilities.
Today, we clearly see the necessity for seriously considering renewable energy sources when we examine the environmental impact associated with other possible sources. The abundant fossil fuels, such as coal, are often damaging to the environment throughout the fuel cycle, from mining to processing to consumption. Fossil fuels also carry the threat of global climate modification through increased discharge of carbon dioxide, particulates and other materials. Nuclear energy, while imposing no threat of climate modification, is associated with serious problems, such as waste disposal, accidents and weapons proliferation. Nuclear energy also releases waste heat into the environment through on site cooling processes and through transportation and use of the electricity it produces. In short, continuous uses of fossil fuels are bound to pollute the atmosphere and consequently unwanted greenhouse and climate change effects will come to dominate every part of the earth. It is, therefore, vital to exploit clean energy resources, and for many nations in the world to try to assess their environmentally friendly, clean energy resources such as geothermal energy.
In recent years, Turkey has begun to ignore the importance of energy usage based mainly on domestic sources. Today, about 79% of the Turkey's energy consumption is met by imports. The reliance on import resourcesparticularly on natural gas -to such an extent threatens the essentials of the sustainable development model seriously. In this context, geothermal energy contributes to Turkey's energy diversification strategy.
Moreover, geothermal systems have a number of positive characteristics.
They are simple, safe, and adaptable systems with modular 1-50 MW plants capable of providing continuous baseload, load following or peaking capacity.
Geothermal power also presents an opportunity to move towards more  Revision of legal framework for independent power producers to address the realities of the present and demands of the future.
In addition to above mentioned ones, some other specific problems associated with geothermal energy utilization are presented below.
Generally speaking, geothermal power production cost is currently higher than that of the classic fuels (see Table 8 ). However, it is better to keep in mind that cost comparisons are highly subject to fluctuations and the continuous efforts for the advances in geothermal power production technologies may make this cost relationship more favorable for geothermal energy.
Also, there exist some environmental problems associated with geothermal energy, such as water shortages, air pollution, and waste disposal.
Environmental impacts of the sources used in energy generation are shown in Table 11 (Akpinar et al., 2007) . In table, it is used "+" in case of being stated impact of source. It is used "-" in the event of not being or little being stated impact of source. It is examined whether or not there is only an impact of source. Therefore, marks in the table are relative.
[ Table 11 Final two concerns relates to renewability of geothermal energy and its impact on some species' habitat. It is sometimes argued that geothermal energy sources are limited and decline over the last 40-100 years globally (Evrendilek and Ertekin, 2003) . In the development stage of geothermal systems (e.g., removing trees), not only entire loss of some species' habitats may occur but also some indirect impacts may emerge because of disturbance (i.e., the animals will no longer reside near the development area).
Guidelines for policy makers
The overall objective of energy-related policies should be ensuring sufficient, reliable and affordable energy supplies to support economic and social development, while protecting the environment. Therefore, when choosing energy fuels, it is essential to take into account economic, social and environmental consequences. In the past, environmental impacts of energy resources were ignored or not foreseen, while energy policies focused on adequate supply of energy to assure high rates of economic growth. Today, besides the economic issues, particular importance should be assigned to environmental factors associated with the choice of energy sources.
In Turkish case, as fossil fuel energy becomes scarcer, Turkey will face energy shortages, significantly increasing energy prices, and energy insecurity within the next few decades. In addition, Turkey's continued reliance on fossil fuel consumption will contribute to accelerating rates of domestic environmental quality and global warming. For these reasons, the development and use of renewable energy sources and technologies are increasingly becoming vital for sustainable economic development of Turkey (Bilen et al., 2007) .
Prospective policy instruments and guidelines for Turkey may include the following.
 One of the most important barriers preventing widespread use of renewables in Turkey is the lack of a coherent national energy plan in which the role of renewables is well explained. Therefore, first of all, Turkey must develop and publicize a rational and coherent energy policy and an action plan; stating short, middle and long term aims, actions and reasons that justify them. Then, the specific place of renewable energy sources in the overall energy politics of Turkey should be defined. Also, a kind of effective "High Energy Council" must  Heating by geothermal energy in Turkey is the cheapest compared to conventional heating systems and has thereby gained wide acceptance among consumers. Besides, the cooling applications of geothermal energy are very limited. Therefore, they should be encouraged throughout the country. For instance, by heating 61,000
residence equivalent by geothermal energy in Turkey, approximately 600,000 tons of CO 2 emission is not discharged to the atmosphere, which is equivalent to avoiding 340,000 cars from the traffic (as of peak emission amount in January) and 700,000 ton per year oil saving (Kaygusuz and Kaygusuz, 2004) .  Turkey should establish a target (e.g., 15%) for the penetration of renewable energy sources into the domestic energy consumption by a given year. It could also include a separate but integrated target for geothermal energy alone, potentially with interim targets to ensure the country stays on track with the goal.
 A program should be prepared to support the advancement in technology with regard to both the supply and demand sides of geothermal energy. Turkey should also invest to the geothermal energy technology both for using its geothermal potential more cheaply in the long run and for supplying job opportunity to the people.
 In the light of the data available, it seems that Turkey is a suitable country to establish geothermal systems. Projects, subject to regional conditions, should be started in regions that offer productive geothermal energy potential.
 More detailed geothermal energy resource assessments and data banks pertaining to Turkey should be prepared.
 Administrative and time-consuming obstacles for foreign investors should be eliminated.
 Geothermal power stations should be located away from wildlife refuges and residential areas to prevent public opposition.
Internationally accepted requirements for noise conditions should also be developed in order to reduce noise pollution.
Finally, although the immediate priority of Turkey should be to speed the transition from the reliance on non-renewable fossil fuels to reliance on renewable energy sources, policy makers must be aware of the fact that renewable sources are alone not enough to meet the rapidly increasing energy demand in Turkey. Therefore, policy makers should seriously consider some other alternative energy sources, including nuclear power.
Conclusion
Geothermal energy provides a clean, renewable energy source that could dramatically improve our environment, economy and energy security.
Geothermal energy generates far less (almost none) air emissions than fossil fuels and decreases the reliance on imported energy. Today, in most ways, geothermal energy has come of age; the technology has improved, the economics has become more appealing, and substantial progress has been achieved in reducing environmental impacts.
Turkey is an energy-importing country. In order to be less dependent on other countries, Turkey needs to use its sustainable sources. From this point of view, geothermal energy is a very attractive choice, since it is economical, sustainable, environmental friendly and a familiar energy source in Turkey.
Furthermore, Turkey has several advantages for the use of geothermal energy in terms of its location and geological background. However, today, in Turkey, the domestic consumption of geothermal energy is lagging, mainly due to economic barriers, lack of legislative and regulatory framework and poor infrastructure.
While specific policies and regulations are recommended here, it is also important for efficiency and effectiveness that communication and mechanisms for coordination/cooperation between ministries (i.e. energy, and environmental) and other related institutions (e.g. EMRA) be improved.
The private sector, which has the capacity to mobilize needed funds, must be motivated to participate in geothermal energy and other renewable energy development. The process of liberalization, restructuring, and privatization in the Turkish energy sector 6 is also vital; which will assist in creating a favorable environment for investment in geothermal energy.
To sum up, in Turkey, geothermal energy represents a secure domestic source of energy that is not subject to the price fluctuations and supply uncertainties of imported petroleum and natural gas. Future supply of geothermal energy depends on energy prices and technical progress, both of which are driven by energy policy priorities.
Footnotes
1 For a more in depth discussion of nuclear energy in Turkey, see Erdogdu (2007b) .
2 Turkey imports 96.9% of her natural gas consumption.
3 For a more detailed discussion of EU-Turkey relations, see Erdogdu (2002) .
4 While improved technology may be able to battle some of the elevated investment costs of geothermal energy, technology risks remain. Some relevant technology is proven, however a lot of technology remains in research, development, and demonstration phases. This technology risk may be considered unacceptable to some investors.
5 Before the Electricity Market Law, the price of energy was decided as a result of negotiations between the energy production companies and the state, which is the buyer.
For more information on the subject, see Erdogdu (2005) . 6 For more details on the subject, see Erdogdu (2007a) . Small hydro power 1,000 950 5,000 4,500 2-3 2 9-15 8-13
Captions to Tables
Solar photovoltaic power 4,500 3,000 7,000 4,500 18-20 10-15 25-80 1840
Concentrating solar power 3,000 2,000 6,000 4,000 10-15 6-8 20-25 10-12
Biopower 500 400 4,000 3,000 2-3 2 10-15 8-12
Geothermal power 1,200 1,000 5,000 3,500 2-5 2-3 6-12 5-10
Wind power 850 700 1,700 1,300 3-5 2-4 10-12 6-9 
